INTRODUCTION
Hair loss is a dermatologic disorder, and the search for natural products with hair growth promoting potential is continuing [1, 2] . Hair loss, or alopecia, is a common patient complaint and a source of significant psychologic and physical stress [3] . Androgens are considered to be one of the most important causes for alopecia apart from a variety of other factors [4] . Natural products in the form of herbal formulations are available in the market and are used as hair tonic, hair growth promotant, hair conditioner, hair-cleansing agent, antidandruff agent, as well as for the treatment of alopecia and lice infection [5] .
G. glabra, also known as Yasthi-madhu in Sanskrit, Jethi-madhu in Hindi, Jashtimadhu in Bengali (all Indian languages), and licorice in English, is cultivated in Jammu, Kashmir, Punjab and Sub-Himalayan tracts of India. It is a hardy herb or undershurb, attaining a height of 1.8 m. Its roots are thick, having many branches with red or lemon colour outside and yellowish or pale inside. It is called Keshya (hair growth promoter) in traditional texts of Ayurveda [6] .
The decoction of the root is a good wash for falling and graying hair [7] . Hence, the present study is focused on the experimental investigation of the hair growth potential of Glycyrrhiza glabra Linn (Fabaceae) in female rats.
EXPERIMENTAL

Plant material
G. glabra roots were procured in the month of June 2011 from Corbett National Park, Ramnagar (Uttarakhand, India) and identified by Dr DV Amla, of National Botanical Research Institute (NBRI), Lucknow, Uttar Pradesh, India, and a voucher specimen (no. NBRI-SOP-202) was preserved in NBRI for future reference.
Preparation of extract
The plant material was dried under the shade, then in an oven at 30 0 C, and thereafter reduced to powder form. The powdered material (100 g) was extracted in a Soxhlet apparatus with petroleum ether (60 -80 ºC) for 18 h. The extract was filtered and dried under reduced pressure to give a dry yield of 1.6 %.w/w.
Phytochemical analysis
The extract was screened for its phytochemical contentss while chromatography was performed to develop a suitable solvent system. The detecting agent used in this regard was Lieberman Burchard reagent in a UV chamber at a wavelength of 360 nm
Animals
Healthy female Wistar albino rats, weighing 120 -150 g and aged 3 -4 months were used for hair growth promotion studies. The animals were handled according to CPCSEA Guidelines of Good Laboratory Practice [8] . 
Chemicals
Minoxidil was purchased from Dr Reddy Lab, Hyderabad, India while petroleum ether, ethanol and paraffin oil were obtained from Central Drug House, Delhi, India.
Preparation and design of treatment
The extract (2 g) was dissolved in 100 mL paraffin oil while a commercial brand of minoxidil (Mintop®) was used as reference standard. The animals were divided into three groups of six animals each. The control group was treated with only paraffin oil. The reference group was treated with minoxidil while the test group was treated with the extract (2 %w/v in paraffin oil).
Toxicity studies
Toxicity studies were carried out by applying the extract to the denuded rat skin in concentrations of up to 10 % for 7 days. The extract was considered safe for animal tests when it did not show any toxic effects or erythema on the rat skin [9] .
Hair growth studies
A 4 cm 2 area of the dorsal skin of the rats was shaved off using Anne French cream (a marketed hair removal cream) and cleansed with surgical spirit [10] . The extract solution or vehicle or minoxidil (0.4 ml) was applied to the denuded area of the rat once a day. This treatment was continued for 30 days during which hair growth pattern was observed visually and recorded. Skin biopsy was done on the skin on the 30th day of treatment and tissue used for follicular analysis by histopathology . Hair growth initiation and completion times was evaluated by observing the animal skin from the time the hairs sprouted to and the time fulllength was attained. Hair length was measured 25 hairs plucked randomly from the test area of each animal. Anagen to telogen ratio was determined by observing the follicular morphology in the microscope with the aid of an ocular micrometer in the eye piece of microscope. .
Statistical analysis
Statistical analysis of the data was carried out by one-way ANOVA in respect of the test and control groups, followed by Dunnett's test. Differences between data were considered highly significant p < 0.001. The software used was Instat, version 2.1. The data are reported as mean ± SEM.
RESULTS
Phytochemical analysis
The petroleum ether extract of G.glabra showed presence of steroids. Its chromatograohic profile gave four separations in toluene: ethyl acetate (90:10) solvent system.
Hair growth
All the three groups of animals were observed for hair growth initiation and completion time. Extract treated animals showed significant reduction in hair growth initiation and completion time as compared to control and minoxidil treated animals. (Table  1) Hair growth initiation and completion times were significantly lower50% to 56%in extracttreated animals than in control animals. The extract treated animals showed 26.2% and 36.6 % longer hair than minoxidil-treated and control groups, respectively.
Quantitative studies
The photomicrographs obtained indicate that minoxidil-treated animals (Fig 2a) had fewer anagenic hair follicles while the extractedtreated animals showed maximum number of anagenic hair follicles and higher follicle density (Fig 2b) .
Fig 2:
Photmicrograph of (a) minoxidil-treated rat skin and (b) extract-treated rat skin.
Note:
The extract-treated skin shows higher follicle density and more anagenic follicles
The skin of the extract-treated group exhibited more anagenic than telogenic hair. It also, had 69.6 and 13,0 % more anagenic hair follicles than the control and minoxidiltreated group, respectively. 
DISCUSSION
There exists an unmet need for effective novel hair growth enhancers as there are only two drugs, topical minoxidil and oral finasteride, approved by the United States Food and Drug Administration (FDA) for the treatment of alopecia. Large randomized placebo controlled trials on humans conducted by Upjohn Company for minoxidil, a potassium channel opener, showed efficacy in 54 % of the treated patients compared to 34 % in placebo (control) group [11] . There are significant adverse dermatological effects associated with minoxidil such as pruritis, dryness, scaling, local irritation and dermatitis [11] . Among those who received finasteride treatment in one year, 48 % of hair re-growth was observed. Patients receiving finasteride observed that it is generally well tolerated, but a few withdrew from the treatment programme due to drug-related sexual disorders. Finasteride is not indicated for use in women [12] .
The petroleum ether extract of G. glabra showed hair growth promotion activity as the extract treated animals developed longer, denser, anagenic hair and took less time for hair to cover the denuded skin of female rats, compared to control and minoxidil-treated groups. Thus, minoxidil (reference) was a more effective hair growth enhancer than the control group but was inferior to the 2% extract-treated group probably due the fact that G. glabra extract has some estrogenic property [13] . Estrogen prolongs the anagenic phase of hair growth, thus promoting hair growth. The extract probably affected androgen metabolism [14, 15] . Androgens are responsible for hair loss. They lower serum testosterone levels in females [14, 15] . It is probable therefore that the hair growth promoting effect of the extract is due to hormonal modulation. Apparently, the extract would not cause any harmful systemic effect following topical administration. Consequently, it is apparent that the petroleum ether extract of G. glabra a b possesses exhibits hair growth promotion activity.
A recent study on Eclipta alba herb which validate it as a hair growth promoter showed that the presence of antigen FGF-7 and Shh and absence of BMP4 favoured anagenic state of hair [16] . In this study, a higher proportion of anagenic hair follicles, vis-a-vis telogenic hair follicles, was found on extracttreated rat skin than on control and minoxidiltreated skins. As anagen is a stage in which the follicle grows while telogen is the stage when follicle is shed. However, further studies, including immunohistochemical investigations, of skin cells, are required to fully elucidate the mechanism of hair growth promotion by the petroleum ether root extract of G. glabra.
CONCLUSION
The petroleum ether root extract of G. glabra is more effective than minoxidil in promoting hair growth in female wistar rats. If fully developed, it has the potential of surpassing minoxidil which currently is widely used for hair growth promotion and is categorized as a lifestyle drug [17] . The herbal extract would be preferred, not only because of its natural origin but also because minoxidil possesses several side effects 13. Somjen 
